Using high-pressure liquid chromatography (HPLC) and gas-liquidchromatography/mass spectrometry (GLC/MS), we have confirmed the existence of several sialic acid modificationsin the adult rat and human colon.The major O-acetylated sialic acid in both species is 9-O-acetyl-N-acetylneuraminic acid;
In contrast, the 9-0-acetyl modification is very low prenatally, and undergoes a marked increaseshortly after birthin both the ratand human colon.The difference in the kinetics of appearance of the two modifications suggests that they are independently regulated. Regulation of these modifications seems to be influenced by exposure to bacterial by-products or environmental stimuli. The N-glycolyl modification in the rat colon reappeared at weaning, into an N-glycolyl group, giving riseto a diverse group of compounds that appear to be highly tissue-and species-specific in their distribution (2) . Precise biologicalroles have not yet been assigned to these modifications. However, they have been shown to dramatically alterseveralbiological properties of the parent sialic acid molecule, including cleavage by sialidases(3-5), recognition by antibodies (6-8), binding of viruses (9), modulation of the alternate pathway of complement activation (10),and bacterialcapsular antigenicity(11).
Previous studies have suggested that the sialicacids of normal human, rat, and rabbit colonic mucosa are 0-acetylated, and that Neu5Ac can be converted to N-glycolylneuraminic acid (Neu5Gc) in the rat colon (2, (12) (13) (14) (15) . Histochemical techniques suggested that 0-acetylation may be markedly diminished or absent in human colonic tumors (12-15).
We have recently described improved biochemical techniques for the accurate study of sialicacid modifications (16, 17) . 
MATERIALS AND METHODS

Chemicals
Chemically synthesized
Neu5Ac was purchased from
Kantoishi Pharmaceutical Company (Tokyo, Japan).
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The sialic acids are designated and by the periodate-formaldehyde-acetylacetone (PFA) method (22 to remove low-molecularweight contaminants by dialysisbefore releaseof bound sialic acids. Release by neuraminidases could not be carried out because of the potential for bacterial overgrowth during enzyme incubations. However, we found that a 4.5-h hydrolysisin 2 M aceticacid at 80#{176}C gave maximal release of sialic acids, with minimal loss of 0-acetylation (data not shown). After release,we used our previously described method of purification (16) Direct biochemical analysis of the sialicacids of adult rat and human colon These were identified by comparison with published spectra of the same derivatives (2). Neu5Gc was a major component in the rat but not the human colon. The single major 0-acetylated sialic acid in both species is Neu5,9Ac2 (9-0-acetyl-N-acetylneuraminic acid).
Developmental regulation of Neu5Gc in the rat colon Pre-and postnatal rat samples were studied by using HPLC (after base treatment to eliminate 0-acetyl esters). As shown in Fig. 2 , Neu5Gc is present in prenatal rat specimens. Similar levels are seen in samples collected within hours of birth (data not shown). However, by the first postnatal day, the level of Neu5Gc drops markedly.
Subsequently, low levels appear by day 8, but fullreexpression is noted only at the beginning of the weanling period. The percentage of Neu5Gc to totalsialic acid in the prenatal colon is40%. In samples from postnatal days 1, 4, 8, 16, and 21, the values are 5, <1, <1, 12, and 33%, respectively. of an 0-acetyl group at the 9 or 8 position.Because 0-acetyl groups at the 8 position rapidly migrate to the 9 position (2, 16), this assay is an accurate and specific way to measure the amount of the major 9-0-acetylated species in the purifiedsamples from colonic tissues. We found this assay to be somewhat more reproducible and reliable than the HPLC method, which was occasionally affected by baselinewaver. Therefore, allquantitative0-acetylation resultspresented below are based on the PFA assay. However, all samples were also monitored by HPLC analysis to confirm purity and general composition.
Optimization
of conditions for analytical de-0-acetylation of purified colonic sialic
Developmental regulation of 0-acetylation in the rat colon
The total amount of sialicacid in rat colonic tissue ranged from 19 to 46 nmol/mg of protein and was unrelated to the developmental state of the individual samples (data not shown).
As shown in general trend was the same as that seen with the rat model.
As with the adult rat, human adult colonic samples showed considerable variation in levels of 0-acetylation (Fig. 4) . There was no clear association between the level of 0-acetylation and the presence of an adjacent colorectal cancer in the same specimen.
Colonic carcinoma is not always associated with decreased 0-acetylation Previous indirect histochemical studies have suggested that a marked decrease in 0-acetylation occurs in colonic adenocarcinomas (13-15). Eleven colon carcinomas and four colon tumor cell lines were analyzed for the level of 0-acetylation.
As shown in Fig. 4 , the fresh colon tumor samples demonstrated variable levels of 0-acetylation but only tended to be somewhat lower than those of normal adult colon. However, in striking contrast, all four colon tumor cell lines showed no detectable 0-acetylation.
Elevated levelsof 0-acetylation in spontaneously aborted fetuses
Spontaneously aborted fetuseshad significantly higher levelsof 0-acetylation(seeFig. 4).One of these samples was from a 27-wk fetus in which many organs had grown a pure culture of Peptostreptococcus anaerobicus.
Another grew Listeria nwnocytogenes and the third had histologicalevidence of bacterialinfection.The fourth had evidence of hydrops fetalis of uncertain origin, but no definite evidence of bacterial infection.
More than 25 differentkinds of sialicacids have been described (1, 2) . Most ifnot allof this diversity arises from various modifications and substitutions of the parent molecule, Neu5Ac (2). The appreciation of the extent of thiscomplexity is recent and has spurred the search for its biologicalsignificance.Many clues have emerged (1, 6, 8, 10, 11) but no definitive biological roles have been established for these modifications. There have been many other detailed and careful studies of the structure and distribution of colonic mucosal glycoconjugates in both r4ormal and diseased states(8, 14, 23-28). However, except for the histochemical studies previously mentioned (12-15), none have considered 0-acetylation of sialicacids. We have confirmed the presence of side-chain 0-acetylated sialic acids in adult rat and human colon by direct biochemical analysis.
In this study we demonstrate the developmental regulation of expression of 9-0-acetylated sialic acids in the Sprague-Dawley rat colon. 0-Acetylation is absent prenatally, and a marked increase occurs postnatally, sometimes within hours of birth.Our data also demonstrate clear developmental regulation of conversion of Neu5Ac to Neu5Gc in the rat colon. It is of particular note that the changes in the expression of this modification are quite differentfrom that of 0-acetylation.This implies that the two modifications are differentially regulated and are not the consequence of a coordinated single response to environmental stimuli and/or bacterial colonization.
The N-glycolyl modification is not seen in the normal adult human colon, but it has recently been reported to occur in very small amounts in malignant human colon samples (8). In the human colon, the same trend is seen for 0-acetylation.Electivelyaborted fetalsamples showed low levelsof 0-acetylation,and an increase is seen in the postnatal period. However, because the electiveabortions were perfoimed by prostaglandin infusion and hypertonic urea injection, they do not represent strictly normal specimens. Bouhours and Bouhours have previously showed that the N-glycolyl modification on hematoside is developmentally regulated in the postnatal rat small intestine (29) ; however, they did not examine prenatal samples. Furthermore, 0-acetyl groups would have been removed by the alkaline hydrolysis step used in the purification of the ganglioside.
One obvious event that could be involved in the postnatal changes is the exposure to environmental organisms and their by-products.
However, because bacterial neuraminidases are present in the colon postnatally,it could be argued that the increase in 0-acetylation resultsfrom a selective cleavage of the non-0-acetylated molecules. However, inasmuch as the totalamount of sialic acid (expressed per milligram of protein)does not change significantly during thisperiod, thisexplanation is improbable. It was therefore of interest to find that high levelsof 0-acetylation were present in human fetal colon samples from spontaneous abortuses, most of which had clearevidence of intrauterinebacterialinfection. This implies that 0-acetylation could be induced by intrauterine infection and/or stress as early as the 27th wk of gestation.Thus, the induction could be related to environmental stimuli rather than the process of birth itself.
The levelsof 0-acetylation in the adult human and rat colon are extremely variable.In the laboratory rat the onset of thisvariability coincides with the period of weaning. One possibleexplanation for these findings is that the levelof 0-acetylation is in a dynamic statethat is determined by an ongoing response to multiple environmental stimuli such as the composition of bacterial flora, the presence of food contents, and environmental stress. We found that the level of 0-acetylation in human colonic adenocarcinomas is highly variable, and is only slightly lower than that in the normal adult colon. The difference is not as striking as that described in previous histochemical work, which concluded that levels were markedly decreased in tumors (12-15). There are two potential explanations for this discrepancy. First,it is well known that 0-acetyl groups are exceedingly labileand could have been destroyed at some point in the collection,storage, and processing of the tumor samples. Second, the sensitivityof the histochemical methods With the availabilityof more specificprobes for 0-acetylated sialicacids (32-35), we are currently examining these questions.
